
526 ANTIBODIES IN VITAMIN-DEFICIENCY STATES 

renocorticotropic hormone causes sodium and 
potassium loss when it intensifies the gly- 
cosuria of diabetic rats, an effect opposite to 
that produced by growth hormone in these 
experiments when it enhanced the glycosuria. 
Posterior pituitary antidiuretic hormone might 
be expected to have effects upon electrolyte 
balance, but one would anticipate that they 
would be in the direction of sodium loss. The 
growth hormone preparation used in these ex- 
periments was assayed for antidiuretic activ- 

6. Ham, G.  C. and Landis, E. M., J .  CZin. Invest., 
1942, v21, 455. 

ity by the Ham and Landis(6) procedure and 
found to be free of any antidiuretic activity 
whatsoever at a single dose level of 0.5 mg, 
a daily dose found to produce changes in so- 
dium and potassium balance of normal ani- 
mals (unpublished observations). 

Conclusion. The administration of growth 
hormone to partially depancreatized diabetic 
rats produces a reduction in urinary nitrogen, 
sodium and potassium excretion, although 
there 'may be a concomitant increase in gly- 
cosuria. 
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Previous work in this laboratory has dem- 
onstrated a severe impairment of antibody 
response in pyridoxine and pantothenic acid- 
deficient rats ( 1 ). Riboflavin ( 1 ), biotin and 
thiamine deficiencies (2  ) had considerably less 
effect. Later experiments proved conclusively 
that the absence of pantothenic acid per se 
and not the concomitant inanition was respon- 
silble for antibody impairment ( 3 ) .  Recently 
we have presented evidence which suggests 
that pantothenic acid and pyridoxine function 
directly in antibody synthesis(4). 
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In the present paper, the relationship be- 
tween vitamins and antibodies has been ex- 
tended further to include the effect of defi- 
ciencies of pteroylglu tamic acid, niacin-trypto- 
phan, vit. BI2, vit. A, and vit. D upon the 
antibody response of the rat to the antigenic 
stimulus of human erythrocytes. 

Methods. N'inety-six male weanling albino 
rats of the Sprague-Dawley strain were dis- 
tributed into 5 groups as indicated in Table I. 
The animals were housed individually in wide- 
meshed, screen-bo ttom cages and weighed 
weekly. The composition of the basal diets 
fed to each group is presented in Table 11. 
These basal diets were fed ad lib. throughout 
the experimental period. Immunization was 
instituted in the vit. A, BIZ, and D groups 
after 4 weeks, in the niacin-tryptophan group 
after 5 weeks, and in the pteroylglutamic acid 
group after 9 weeks on experiment. A 10% 
suspension of washed Group 0, Rh positive 
human erythrocytes in physiological saline 
was injected intraperitoneally as antigen. An 
initial dosage of 0.5 -d of the erythrocyte 
suspension was followed by two 1 ml injec- 
tions on alternate days. Five days after the 
final injection, the rats were bled from the 
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TABLE I. h m a r y  of Growth Dab, Blood Oounts, and Bone Ash Analyses.” 

No. of -Body wt- .----Blood countst.-, --% bone ash- 
TYPe rarts Initial F i d t  LeamqtxsS Granulocytes$ Felmurs Humerii 

Pteroylglubmic acid 

Siacin-ltr yp tophan 

Contmla 10 39 320 
Deficient 9 38 141 

Niaicin contrda 5 44 208 
Tryptophanwntroh 5 44 189 
Defician t 10  43 66 

Vit. A, Uontrola 10 44 172 
Deficient 15 44 79 

Vit. B12, Controla 6 45 129 
Deficient 7 45 9c 

Tit. D, Controls 10 42 86 
Defic.ient 9 43 73 

- - 19800 1700 
4900 100 - - 

- - - 
34.66 32.26 
20.24 23.78 

- 
- 

* A l l  values are graup averages. 
t At time of bleeding for antibody d&minatioa 

No. per cmm of b l d .  

TABLE 11. Composition of the Bad Die&. 

Component 

Pteroyl- Niacin- 
glutamic trypto- 
aoidtt phntQ Vit. All7 Vit. B12tY* Vit. Dmtt 

(9% cornpotxiition) - - 25 - Casein ‘ vitamin-f ree ’ ’ 25 9 
Sue ro s e 57.77 44.62 60.76 - 
HydrogenaM vegetable oil 10 
Corn oil 2 2 
Uotton ~ e e d  oil - 
Salts (5) 4 4 4 3 
Salfasuxidine 1 
Cfholine chloride .I 2 0  .W . lo  
i -inositol .03 .03 .03 .02 
dZ-a-tmopherol acetate .01 .01 .01 .01 
%metrhyl-l,4-naphthoquinone .001 .001 .001 
L (-) cystine - .15 - .30 

- .01 p-aminobenzdc acid - 
-. - .10 Iodinated casein - 

Cbrn grita -_ 40 - - - 46.22 - Soybean meal (6% fat) 
Whole ground yellow corn -- - - 46.22 i 6  
G r m d  gluten - - - - 20 

3 Oakium carbonate - - 
1 Sodium chloride - - - 

160 40 
240 60 

- - - - - 5 - 
- - 

- - 10 

- - - -- 
9 

I 

- 
.001 - 
.025 - 

- 
- 

- - - 

- - 
- 

Daily vit. su lementation ( 7 )  * 
Thiamine 40 40 3 
Riboflavin 60 60 61) 
Pyridoxine 50 50 50 200 5n 
Udcium pantorthenarte 300 150 150 800 150 
Niacin 100 - 100 800 100 
Bib tin 3 1 1 10 1 
Pteroylglutamic acid - 1 1 10 1 

* supplied in daily pill. 
t All animals received 2 d r o p  haliver oil weekly per os furnishing 3000 G.S.P. units 09 vit. 

S 20 pg of pteroylghtadc acid were imluded in daily vit. pill of controls. 
$ Daily vitamin pill of niacin controls contained 150 pg niacin.. Fm tryptophan conholg 

11 Bmh rat received weekly 250 U.S.P. units of crystalline vit. (Drkdol) per 0s a,nd 10 

Oontmls received weekly 2 drops Weson oil c o d i n g  300 U.S.P. unit8 of vit. A acetate. 
+* Controls received 0.4 pg of vit. BI2 on alternate days by inhperitolneal injection. 
t t Controls received weekly per 0s 260 U.S.P. unib of crystalline vih. D3 (Driadol). 

-4 and 24 U.S.P. units of vit. D. 

basal diet was supplmenlad wi th  0.4% DL-trypbophan at expense of 8ucrow. 

mg of atxorbic acid by intraperitoneail injection. 
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heart, under ether anesthesia and the sera 
tested for agglutinin titers as described pre- 
viously( 1 ) . Total leucocyte determinations 
and differential counts were carried out in the 
animals of the pteroylglutamic acid group in 
accordance with standard procedures. Two 
hundred cells were counted in the differential 
determinations. Bone ash analyses of the fe- 
murs and humerii of the animals of the vita- 
min D group were made at  the termination 
of the experiment. 

Results. The individual hemagglutinin 
titers are recorded in Table 111. I t  is evident 
that a severe impairment of antibody response 
occurred in pteroylglutamic acid-deficient 
rats. Thus, none of these animals possessed 
a measurable agglutinin titer. The decreased 
growth rate, leucocyte and granulocyte counts 
constitute evidence for the development of a 
pteroylglutamic acid deficiency state (Table 
1) * 

The results of the niacin-tryptophan experi- 
ment demonstrated that supplementation of 
the basal diet (deficient in both niacin and 
tryptophan) with either niacin or tryptophan 
produced a marked growth response (Table 
I) .  In contrast, however, a normal antibody 
response was obtained only in thcrse animals 

receiving added tryptophan (Table 111). 
Thus, the serum antibody content of the nia- 
cin controls did not differ significantly from 
that observed in the deficient animals. It is 
also evident that a niacin-tryptophan defi- 
ciency produced only a relatively moderate im- 
pairment of antibody response. 

It may be further seen in Table I11 that a 
significant decrease in antibody levels was 
observed in vitamin Adeficient rats. The 
magnitude of this decrease, however, was not 
as great as that observed in pteroylglutamic 
acid or pantothenic acid-defic,ient rats, where, 
as a general rule the serum antibody content 
following the same antigenic stimulus is not 
detectable by our methods ( 1,3). Character- 
istic vitamin A-deficiency symptoms were ob- 
served in the animals not receiving the vita- 
min A supplementation. 

In  contrast to the above observations, no 
significant difference was noted between the 
antibody titers of vit. B12 or vit. D-deficient 
rats and those of their respective controls. A 
marked decrease in the percentage of bone ash 
was observed in the rats of the vit. D group 
not receiving added vit. D (Table I). 

Discussion. The results of the present ex- 
periment clearly demonstrate that a severe 
impairment of antibody response occurred in 
p teroylglu tamic acid-deficient rats. Similar 
findings were reported by Little et d ( 6 )  in 
chicks which can be made pteroylglutamic 
acid-deficient without recourse to sulfa drugs. 
It is well recognized that a pteroylglutamic 
acid deficiency produces a leucopenic state. 
Since lymphocytes may be the site of antibody 
formation( 7-9) it is conceivable that the sup- 
pression of circulating anti,bodies observed in 
pteroylglu tamic acid-deficient rats could be 
attributed to the parallel development of the 
leucopenia. Preliminary curative experiments 

5. Jones, J. H., and Foster, C. J., J .  Nutrition, 

6. Little, P. A., Oleson, J. J., and R m h ,  P. K., 

7.  Ehrich, W. E., and Harris, T. N., J .  Exp.  Med., 

8 .  Dougherty, T. F., Chase, J.  H., and White, A., 

9. Harris, T. N., Grimm, E., Mertens, E., and 

1942, v24, 245. 

J .  Zmmunol., 1950, v65, 491. 

1943, v76, 335. 

PROC. soc. EXP. BIOL. AND Mm., 1944, vst, 295. 

Ehrich, W. E., J .  Exp.  Med., 1945, v81, 73. 
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in which massive doses of pteroylglutamic 
acid were administered to previously im- 
munized p t er o ylglu t amic acid- deficient rats 
resuIted in: (a) an immediate and sustained 
growth response, (b) a pronounced rise in the 
number of leucocytes within 7 days, and (c) 
no significant increase in antibody titers 
within 3 weeks. Thus, the leucopoietic re- 
sponse was not paralleled by an increase in 
antibody synthesis. I t  is of interest to note 
that the delay in antibody response observed 
in this experiment is quite similar to that fol- 
lowing pantothenic acid or pyridoxine admin- 
istration to previously immunized deficient 
animals (4) . 

The pronounced ,effect of a pteroylglutamic 
acid deficiency upon antibody response is 
comparable with that previously noted in a 
pantothenic acid deficiency state ( 1,3). The 
observation of Wright and WeIch(l0) that 
the utilization of pantothenic acid may be 
dependent upon the presence of pteroylglu- 
tamic acid suggests that the action of pteroyl- 
glutamic acid upon antibody synthesis may be 
mediated through its effect upon pantothenic 
acid metabolism. Further experimentation 
will be required to determine whether pteroyl- 
glutamic acid plays a direct or indirect role 
in the processes of antibody fabrication. 

In agreement with previous observations 
( 11-1 3) ,  supplementation of the low niacin- 
tryptophan diet with either niacin or trypto- 
phan produced a marked growth response. 
However, a normal antibody response was 
obtained only in those animals receiving 
added tryptophan. The efficacy of trypto- 
phan in promoting both growth and antibody 
synthesis is explicable in terms of its ability 
to serve as a direct precursor of niacin( 14) 
or niacin derivatives as well as its essential 

10. Wright, L. D., and Welch, A. D., J. Nutrition, 

11. Krehl, W. A., Sarrna, P. S., Teply, L. J., and 

12. Krehl, W. A,, de la Huerga, J., and Elvehjem, 

13. Hundley, J. M., J. Nutrition, 194’1, v34, 253. 
14. EEeidelberger, C., Gullberg, M. E., Mlorgan, 

A. F., and Lepkovsky, S. J., J .  Biol. Chem., 1949, 
v179, 151. 

__-__- 
1 

1944, v27, 55.  

Elvehjem, C. A., J. Nutrition, 1946, v31, 85. 

C. A., I .  B i d .  Chem., 1945, v164, 551. 

function in protein synthesis. On the other 
hand, the mmhanism through which niacin 
affects growth under these conditions is not 
completely understood. In this connection, 
Krehl et al. (12) have observed that niacin 
improves the utilization of tryptophan. Nia- 
cin may also exert a “sparing” effect upon the 
requirement for tryptophan. Whatever the 
mechanism, it seems clear that niacin alone 
cannot satisfy the requirement for antibody 
synthesis on this basal diet. With the admin- 
istration of niacin, it would appear that tryp- 
tophan is the limiting factor for antibody for- 
mation although apparently sufficient amounts 
of this amino acid are made available under 
these circumstances for growth purposes. The 
production of a more pronounced tryptophan 
deficiency state by employing a diet com- 
pletely devoid of tryptophan would aid in 
clarifying the role of this compound in anti- 
body synthesis. In  the course of our studies 
on the relationship of nutritional state to anti- 
body formation, we have occasionally encoun- 
tered similar instances where a diet may be 
adequate for growth purposes and yet not for 
antibody synthesis. Thus, it would seem that 
the process of antibody synthesis is a more 
sensitive criterion of dietary adequacy than 
that of growth and, as such, may be used to 
advantage in the evaluation of nutritional 
state. 

The role of vit. A in influencing susceptibil- 
ity to infection has been the subject of numer- 
ous investigations( 15-18). Studies (19-21) 
designed to determine the ability of vit. A- 
deficient animals to form antibodies following 
antigen administration have shown no impair- 
ment of this function. In the present experi- 
ments, however, the antibody titers of vit. A- 
deficient rats were definitely lower than those 
of control animals. The decrease, however, 

15. Clausen, S. W., Physiol. Rev., 1934, v14, 309. 
16. Wolbach, S. B., and Howe, P. R., J. Exp. Med., 

J7, Siegfried, O., Zbid., 1930, v52, 519, 533. 
18. Bradford, W. L., and Boynton, L., J. Nut& 

19. Lassen, H. C. A., J. Hyg., 1930, v30, 300. 
20. Zilva, S. S., Biochem. J., 1919, v13, 172. 
21. Green, M. R., Am. J .  Hyg., 1933, v17, 60. 

1925, v42, 753. 

tion, 1931, v4, 323. 
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was of a lower order of magnitude than that 
encountered in pantothenic acid, pyridoxine 
( 1), and pteroylglutamic acid deficiencies. I t  
seems possible that the increased susceptibil- 
ity of vit. A-deficient animals to disease 
processes may be attributed in part to their 
decreased antibody-synthesizing ability. 

With respect to vit. D-deficiency, it is gen- 
erally agreed that rachitic animal's are no 
more susceptible to infection than controls re- 
ceiving adequate doses of this vitamin ( 15). 
In addition, studies(20,21) of the ability of 
rachitic animals to produce antibodies follow- 
ing antigen injection have indicated that there 
is no impairment of this function. In agree- 
ment with these observations we found no sig- 
nificant difference between antibody levels of 
vit. D-deficient rats and those of control ani- 
mals. 

The experiments reported in this paper 
complete an extensive study of the effect of 
the following deficiency states upon the anti- 
body response of the albino rats (Sprague- 
Dawley strain) to the antigenic stimulus of 
Group 0. Rh positive human erythrocytes: 
pantothenic acid, pyridoxine, riboflavin ( 1 ) , 
biotin, thiamine ( 2 )  , pteroylglutamic acid, 
niacin-tryptophan, vit. BIZ, vit. -4, and vit. 
D. Identical immunological procedures were 
employed throughout these investigations. 
From our results it is possible to classify 

roughly the effects of these deficiencies upon 
circulating antibodies into 3 groups as fol- 
lows: Group I. Severe impairment of anti- 
body response-pantothenic acid, pyridoxine, 
and pteroylglutamic acid deficiencies. Group 
11. Moderate impairment of antibody re- 
sponse-riboflavin, thiamine, biotin, vit. A, 
and niacin-tryptophan deficiencies. Group 
111. No impairment of antibody response- 
vit. BIZ, and vit, D deficiencies. 

Summary. 1. Hemagglutinin production in 
response to inoculation with human erythro- 
cytes has been investigated in pteroylglutamic 
acid, niacin-tryptophan, vit. B12, vit. A; vit. 
D-deficient rats and their respective controls. 
2. Severe impairment of antibody response 
was observed in the pteroylglutamic acid-de- 
ficient rats. Moderate impairment was dern- 
onstrated in vit. A and niacin-tryptophan de- 
ficiencies. Vit. BI2 and vit. D deficiencies had 
no effect on antibody formation. 3. -4 rough 
classification of the effect of 10 deficiency 
states upon antibody production is presented. 

Iodinated casein which contains 0.7% 1-thyroxine 
was supplied through the courtesy of Dr. George 
0. Kohler of the Cerophyl Laboratories, Inc. 

The authors wish to thank Mr. D. B. Henis and 
Mr. G. Marco for technical assistance during the 
course of this investigation. 

Received June 11, 1951. P.S.E.B.M., 1951, v77. 

Relative Effectiveness of Pantothenic Acid and Panthenol in Stimulating 
Antibody 'Response of Pantothenic Acid-Deficient Rats." (18837) 

PETER P. LUDOVICI,? AND A. E. AXELROD.$ (Introduced by Ralph R. Mellon.) 
From the Znstitiite of Pathology, Western Pennsylvania Hospital, and Department of Chemistry, 

University of Pittsburgh. 

Panthenol, (u,y-dihydroxy-N- (-3-hydroxy- 
propyl ) +$-dimethyl butyramide) the alcohol 
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analogue of pantothenic acid, was demon- 
strated by Pfialtz(1) to be approximately as 
effective as pantothenic acid in enhancing 
growth and curing pantothenic acid deficiency 
symptoms of the rat. Later Burlet( 2)  showed 
that panthenol was oxidatively converted to 

1. Pfaltz, H., 2. f .  Yitaminforschung, 1943, v13, 

2. Burlet, E., Zbid., 1944, v14, 318. 
236. 


